INTRODUCTION {#sec1-1}
============

Neurological disease has increased in recent years throughout the developed world.\[[@ref1][@ref2][@ref3][@ref4][@ref8][@ref12][@ref15][@ref17][@ref19][@ref21][@ref26][@ref28][@ref31][@ref33][@ref35][@ref36][@ref37][@ref38][@ref41][@ref44]\] Neurological deaths are reported by the World Health Organization (WHO) in two global categories, Alzheimer and other dementias, and nervous disease deaths\[[@ref47][@ref50]\] which enables us to calculate a total neurological death (TND) rate per million (pm) of population. Thus, TND include such disparate conditions as Parkinson\'s disease, motor neuron disease (MND), hereditary neuromuscular conditions, prion disorders, degenerative diseases, including Creutzfeldt Jacob\'s disease (CJD), and new variant CJD\[[@ref50]\] though the incidence of the later appears to have relatively stabilized, returning close to pre-2000 levels.\[[@ref9][@ref30][@ref41]\]

Earlier research found that dementia morbidity was occurring earlier and had disproportionately increased in some Western countries in people aged 45--74 years, with relatively larger increases in women\[[@ref26][@ref38][@ref40]\] as women\'s TND rates had risen relatively more than male rates in every country. As Western women\'s lifestyles have changed more than men\'s this suggests possible interactive environmental contributions.\[[@ref6][@ref11][@ref22][@ref32][@ref38][@ref41][@ref44]\] This view is supported by studies of neurological mortality that found population density was a surrogate marker for environmental exposure\[[@ref13][@ref46]\] and a similar link has been found in relation to incidence of cancer,\[[@ref39]\] with substantial increases in two specific neurological conditions, MND,\[[@ref1][@ref6][@ref8][@ref12][@ref19][@ref23]\] and "early-onset dementias."\[[@ref29][@ref33][@ref34][@ref36][@ref38][@ref41][@ref49]\]

However, as neurological diseases are classically "diseases of the elderly," it has been argued that the Gompertzian theory on longevity was operating, namely people are now living longer to develop diseases that they would not have lived long enough to have acquired in previous times.\[[@ref7][@ref14][@ref42]\] However, while this process might partially account for the some of the rises, the disproportionate rises in the incidence over a relatively short time suggest other factors, both in respect to the cancer and neurological morbidity.\[[@ref1][@ref7][@ref21][@ref35][@ref38][@ref41][@ref49]\] While a number of researchers have acknowledged that the longevity Gompertzian effect may be a factor, they argued that environmental factors probably played a larger part.\[[@ref24][@ref25][@ref42][@ref45]\] Furthermore, increases in neurological morbidity in the less economically developed countries, would not appear to be mainly attributable to the Gompertzian explanation.\[[@ref15][@ref24][@ref25][@ref31][@ref38][@ref41][@ref42][@ref44][@ref45]\]

Conversely, changes or improvements in diagnosis have been thought to be a possible factor,\[[@ref18][@ref23]\] but other reviews suggest this is not a major issue, as current brain imagining and better biomarkers allows diagnosis to be more accurate and, therefore, the figures are essentially more reliable,\[[@ref23]\] while some USA studies showed that dementia deaths are under-reported.\[[@ref21][@ref26][@ref33][@ref36]\]

Previous work that highlighted earlier dementia deaths,\[[@ref38][@ref41]\] spanned a 30 years period and two International Classification of Diseases (ICDs) editions, whereas this study covers only 20 years and one ICD edition.\[[@ref50]\] This limits the likelihood of any changes being related to differences in reporting and also reduces the Gompertzian explanation.

However, to try to account for the Gompertzian effect, other "diseases of the elderly," cancer mortality rates (CMRs) and circulatory disease deaths (CDDs),\[[@ref37]\] are used as controls to be contrasted against TND. It is however, recognized that there have been major health campaigns in many countries to reduce the toll of circulatory and cancer diseases, which have not been matched in the neurological field.

Theoretically therefore, if the two biggest classical diseases of old age, are mainly due to longevity and not changes in lifestyle, treatment advances and the environment, it would be expected that there would be little difference in the patterns of neurological, cancer, and circulatory deaths over the period under review.

The latest available WHO data (July 2014) for the USA is data up to 2010,\[[@ref47]\] which will be the index year for this international comparison.

There are two working null hypothesis, that between baseline 1989--1991 and index 2008--10 years there would be no significant differences between:

TND and cancer and circulatory diseases death rates by age or sex in each country, andBetween the USA and the other 20 Western in regard to TNDs.

METHODS {#sec1-2}
=======

World Health Organization standardized mortality data\[[@ref20]\] is used to examine any changes between 3 years average baseline data, covering the years 1989--1991, compared to the index years of 2008--2010 for the USA and the other 20 Western countries for TND, CMR and CDD mortalities. This is based upon the 10^th^ edition of the ICD editions,\[[@ref50]\] making it a more uniform analysis than the earlier studies.\[[@ref38][@ref41]\]

One important change in the current WHO reporting is that the previously separate age groups of 55--64 and 65--74 have now been combined into the 55--74 age band\[[@ref47]\] so the separate age bands can no longer be compared as was possible previously. TNDs are based upon combining the WHO categories nervous disease deaths and the Alzheimer and other dementia deaths into rates per million of the population for two age bands, the 55--74 and the over 75\'s.

Cancer mortality rate and CDD rates by age bands and gender are contrasted against TND over the period first to compare each country against itself and then with the USA, twenty country (TC) average being calculated for of each of the age bands and mortalities.

However, when using multi-national data it has to be acknowledged that there are inherent problems in terms of reporting, possible "fashions" in diagnosis and the problem of concomitant diagnoses across different disease conditions. Moreover, when comparing three broad diagnostic categories such as these, raises the issue of different countries having varied health policy strategies, which to a degree might influence treatment priorities and therefore changes of mortality rates over time. In part, this is controlled for by measuring each country against itself which provide a degree of reliability of each country\'s results over the period. The WHO acknowledges that some countries, but not usually the 21 countries review here, can have problems of reporting, while lead times are usually 4 or more years behind the year of publication, example, WHO report up to 2010 published in July 2014. Furthermore, it is stressed that "it is the underlying cause of death in accordance with the rules of the ICDs that is, reported and data are included only for countries reporting data properly code" (sited in WHO mortality database documentation document), which seems as accurate as is feasible, not least because of the uniformity of collation.\[[@ref49][@ref50]\] Moreover, the controversy over diagnosis which can occur at the beginning of any disease process is resolved at death,\[[@ref18]\] and while 100% accuracy can never be determined in dealing with human phenomena, bearing these limitations in mind, the WHO data, collated in a consistent and uniform manner and using the latest ICD edition, remains the best comparative international data available.

Statistical analysis {#sec2-1}
--------------------

The three mortalities are presented for each age band by sex, and a ratio of change is calculated for any changes over the period. Odds ratios (ORs) are calculated to explore whether TNDs and CMR and CDD have changed proportionally over the 21 years.

A TC average death rate is calculated to be compared with changes in the USA mortality rates over the period.

Confidence intervals (CIs) to ± 95% level of significance are used to determine any statistical significant difference between the USA and each of the other TCs.

RESULTS {#sec1-3}
=======

Total neurological deaths 55--74 {#sec2-2}
--------------------------------

The highest current male 55--74 TND rates ranged from Finland at 1106 pm, down to Japan 219 pm. In 1989--1991, the TC average rate was 495 pm, increasing to 503 pm over the period, equivalent to a 2% rise.

Initially, the USA rate was 344 pm, and was 17^th^ highest out of 21 countries but is now second highest at 627 pm, and had the biggest increase of all countries at 82%.

Females aged 55--74 current TND rates ranged from Finland 816 pm to Greece and Japan 198 pm. The TC average 1989--1991 was 387 pm rising to 390 pm, up 1% whereas the USA rate went from 378 pm to 560 pm, an increase of 48% over the period, which was third largest rise, only Greece had a bigger increase but from a much lower baseline \[[Table 1](#T1){ref-type="table"}\].

###### 

55-74 years TND (rates per million) OR 1989-1992 versus 2008-2020 ranked by highest male deaths (current and past ranks)

![](SNI-6-123-g001)

Total neurological death over 75\'s {#sec2-3}
-----------------------------------

Current male over 75\'s TND rates were highest in Finland 19,887 pm to the lowest in Greece 1166 pm, with the TC average rising by 114% with rates more than doubling in 11 countries.

The USA rate increased from 3336 pm to 12,271 pm, more than a two-fold (368%) rise over the period and had the biggest increase than all countries.

### Current female {#sec3-1}

The over 75\'s TND rates ranged from Finland 24,797 pm to lowest in Greece at 1479 pm, with the TC average increasing by 185%, with a doubling of rates in 17 countries. It should be noted that in every country female rates rose more than males over the period.

The USA rate rose from 3206 pm to 21,253 pm, a more than five-fold (663%) increase, which was the largest rise of all countries under review \[[Table 2](#T2){ref-type="table"}\].

###### 

Elderly (75+) TND (rates per million) OR 1989-1991 versus 2008-2010: Ranked highest male cancer deaths

![](SNI-6-123-g002)

Control mortalities {#sec2-4}
-------------------

### Cancer mortality rates 55--74 {#sec3-2}

Male CMR fell in every country, the TC average fell from 7501 pm to 6008 pm, a 20% decrease. USA rates went from 7938 pm to 5080 pm, a 36% reduction.

The final column in [Table 3](#T3){ref-type="table"} refers to the ORs of CMR: TND, which will be discussed below.

###### 

CMR 55-74 people 1989-1991 versus 2008-2012 (rates per million). OR 1989 versus 2010 of CMR to TND countries ranked by highest male cancer deaths

![](SNI-6-123-g003)

USA male 55--74 TND to cancer deaths ratio in 1989--1991 was one to 27.08 cancer deaths by 2008--2010 this had narrowed to 1:8.1.

Female 55--74 average

Apart from the Netherlands, Portugal, and Spain female CMR fell in 18 countries, as the TC average went from 4414 pm to 3703 pm, decrease of 16%. The USA rates fell from 5191 pm to 4241 pm, an 18% reduction.

USA female TND to cancer deaths ratio in 1989--1991 was 1:13.73 by 2008--2010 this had reduced to 1:7.6.

### Cancer mortality rate people over 75\'s+ {#sec3-4}

The TC male over 75\'s CMR moved from 22,666 pm to 19,831 pm, a reduction of 13%. The US rates fell from 20,919 pm to 14,872 pm a fall of 29%.

USA male TND to CMR ratios initially were 1:6.3 by the index years they had narrowed to 1:1.2.

Female over 75\'s CMR for the TC average fell from 13,038 pm down to 10,989 pm, a 16% reduction. USA over 75\'s female went from 11,277 pm to 11,040 pm, a 2% decline.

USA TND to CMR ratios in 1989--1991 had been 1:3.53 but by the 2008--2010 this had been reversed so that for every female over 75 cancer death there were 1.85 neurological deaths \[[Table 4](#T4){ref-type="table"}\].

###### 

CMR 75+ people, OR CMR:TND (rates per million) ratios 1989-2010: Ranked highest male CMR

![](SNI-6-123-g004)

Changes over the period odds ratios cancer mortality rate to total neurological death {#sec2-5}
-------------------------------------------------------------------------------------

### Neurological to cancer deaths {#sec3-5}

In [Table 3](#T3){ref-type="table"} the final column shows the ORs of TND to CMR for both sexes.

### 55--74-year-old {#sec3-6}

Male 55--74 CMR: TND ratios of \>1:1.20 occurred in 20 countries, with a TC average OR of 1:1.53 over the period.

The USA CMR: TND OR was 2.84 and had the widest OR of all countries.

Female 55--74 CMR: TND ORs of \>1:1.20 occurred in 9 countries, the TC average OR was 1:1.25.

The USA female OR was 1:1.80 and was the highest of all the countries.

### Over 75\'s {#sec3-7}

Male CMR: TND ORs for over 75\'s was \>1:2.00 in 14 countries, with a TC average of 1:2.83.

The USA CMR: TND ratio was 1:5.18 and was highest of all countries under review.

Over 75\'s female ORs more than doubled in 17 countries, the TC average being 1:3.04.

The USA cancer to neurological death for the over 75\'s female OR was 1:6.50 and was the largest of all countries.

### Circulatory disease deaths 55--74 {#sec3-8}

Male 55--74 CDD TC average of 10,103 pm fell to 3936 pm a 61% reduction, the USA fell from 10,165 pm to 4685 pm a 54% reduction.

In the baseline years, USA TND to CDD was one to 29 (1:29.6) by 2008--10 they had narrowed to \<1 in 8 (1:7.5).

Female 55--74 CDD TC average rates fell from 4343 pm to 2361 pm, a decline of 46%. American female rates fell from 5191 pm to 2461 pm a 53% reduction.

In the baseline years, female USA TND to CDD had been 1:13.73 at the end of the period they were 1:4.39 \[[Table 5](#T5){ref-type="table"}\].

###### 

Circulatory deaths 55-74 by gender rates per million and CDD:TND (rates per million) OR 1989-2010

![](SNI-6-123-g005)

### Circulatory disease death the over 75\'s {#sec3-9}

Male over 75\'s TC average CDD rates went from 49,784 pm to 29,429 pm a fall of 41% and rates fell by than 25% in every country. The USA male CDD rate fell from 48,792 pm to 29,439 pm a 40% reduction.

In 1989--1991 USA 75\'s TND to CCD had been 1:14.63 and now is 1:2.40.

Female over 75\'s rates also fell substantially (\>22%) in every country, the TC average was 44,378 pm and fell to became 28,505 pm a decline of 361%, with USA rates falling from 41,079 pm to 27,553 pm, a 33% reduction.

In 1989--1991 female USA over 75\'s TND to CDD ratio was 1:12.85 by 2008--2010 it is 1:1.65 \[[Table 6](#T6){ref-type="table"}\].

###### 

Circulatory deaths 75+ years by gender rates per million and CDD:TND (rates per million) OR 1989-2010

![](SNI-6-123-g006)

Neurological to circulatory deaths odds ratios of total neurological death: Circulatory disease death \[Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}\] {#sec2-6}
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

### Odds ratios 55--74 {#sec3-10}

Male 55--74 TND: CDD ORs have more than doubled in 18 countries, an average of 1:2.83. The USA was 1:3.96, which was fifth largest of 21 countries.

Female 55--74 TND to CDD ORs more than doubled in 19 countries with an average OR of 1:2.74, while USA female was 1:3.15 and was the ninth largest.

### Odds ratios over 75\'s {#sec3-11}

In regard to the over 75\'s TND to CDD ORs males more than doubled in 20 countries, with an average of 1:3.84.

The USA OR was 1:6.13 and was third highest of all countries.

Female over 75\'s OR doubled in every countries, overall ORs were 1:5.05.

The USA OR at 1:9.89 was the third biggest of all countries.

Comparison of USA total neurological death rates versus other countries {#sec2-7}
-----------------------------------------------------------------------

[Table 7](#T7){ref-type="table"} presents the CI at the 95% level of significance in comparisons of each country against the USA neurological deaths for both gender and age bands. The table shows that the USA had significantly bigger rises in TND rates for both sexes and age groups than 16 other countries.

###### 

20 Western countries versus USA TND by age and gender CI

![](SNI-6-123-g007)

DISCUSSION {#sec1-4}
==========

Main findings {#sec2-8}
-------------

The first null hypothesis, that there would be no significant differences between neurological and the control mortalities over the period can be rejected for both sexes and age bands. The control mortalities fell in every country, whereas the TND, for male and female over 75\'s rates rose considerably and more than doubled in 13 and 17 countries, respectively.

The second null hypothesis that the USA would not be significantly different from the other countries can also be largely rejected, as USA 55--74 male neurological rates had been equal 17^th^ highest but had risen to being second highest, while USA females went from 10^th^ to being highest out of 21 countries. Moreover, apart from Portugal, over the 20 years the USA had statistically significant greater rises in TND than 16 other countries, indicating disproportionate changes in neurological morbidity and mortality in American adults (55--74) and the over 75\'s.

Limitations {#sec2-9}
-----------

A core limitation in any study of international mortality rates is the reliability in the reporting of the causes of death and diagnoses where there may be changes in fashion or recording methods. For example, WHO mortality data was previously reported in separate age bands 55--64 and 65--74 but since 2008 they have been combined into 55--74, which made it impossible to directly compare the earlier rates for 55--64-year-olds, which had risen significantly in some countries.\[[@ref38]\] Nonetheless, the WHO international data is the most reliable available as it is collated in a consistent and uniform mannerThe differential changes over the period of the three mortalities will likely have been influenced by local health priorities for treatment and the differentials between the neurological deaths and the other mortalities. This would have also been affected by the advances in health policy and treatment of cancer and the circulatory disease and perhaps by a higher priority given to these conditions compared to the neurological. Country specific research would be needed to determine such influencesResearch on MND, which is part of TND, has yielded some inconsistencies for while some studies found little change in MND rates, and some attributed to the rises to improved categorization,\[[@ref1][@ref18][@ref19][@ref23]\] but others demonstrated what appears to be an unequivocal upward trend in MND in a number of countries.\[[@ref2][@ref6][@ref8][@ref12][@ref19][@ref35][@ref46][@ref48]\] Furthermore, some have shown that because of problems differentiating between underlying contributory causes of death, this may have led to an under-reporting of neurological mortality.\[[@ref4][@ref8][@ref23][@ref26][@ref44]\] However, by comparing a country\'s mortality rates against itself, this maintains a degree of internal reliability although there might have been a greater willingness to highlight neurological pathology and etiology than beforeThe disproportionate rises in TND compared to CMR and CDD might be attributed to more effective treatment of these conditions, as there have been national campaigns to reduce these diseases in many countries, so the possible main reason for the divergence has been more effective treatments? However, would this account for the doubling of TND in most countries in such a relatively short-time, and for the remarkable rises in the USA?Possible interactive factors that have contributed to the increases in TND may be related to the emerging increase in "early-onset dementia," that could be related to lifestyle changes, rather than wider environmental factors, such as greater alcohol dependence and possible drug-related neurological disturbances\[[@ref48]\] but would this have so markedly affected the over 75\'s rates.\[[@ref26][@ref29][@ref34][@ref48]\] Moreover, the extent of "early dementias," often seen in people under 60, was virtually unknown 30 or more years ago and the more than doubling of the over 75\'s TND rates in the US within just 20 years, suggests that interactive multiple environmental and lifestyle factors are operatingNeurological diseases are considered to be "diseases of the elderly"\[[@ref37]\] and that possibly the rises are essentially due to the "Gompertzian effect"- that is, that as people live longer, they have diseases that previously they would not have lived long enough to develop.\[[@ref7][@ref14][@ref43]\] This appears to have some validity, but the question is whether such substantial changes, occurring over a relatively short period, are mainly due to the Gompertzian effect? However, international changes in regard to cancer deaths\[[@ref41][@ref42]\] do not accord with a Gompertzian prediction, nor does this explanation account for changes between countries and gender especially in the USA, as other studies, while acknowledging an element of Gompertzian process, have suggested that environmental factors play a larger part.\[[@ref2][@ref24][@ref25][@ref41][@ref45]\] Finally, life expectancies have continued to rise over the past 30, between ICD editions in every country under review, but with relatively little differences between the countries, though women on average continue to outlive men,\[[@ref47]\] which would possibly be a contributing factor to the sex differences found. Though while caution is required interpreting these results, the extent of the changes must be a cause of concern and require answers.

Overall, therefore, despite the above limits, the neurological changes found when contrasted against cancer and CDDs, all of whom shared the multiple environmental changes, are suggestive that multiple interactive factors are affecting human neurology.

There is much this study cannot explain, seen in three brief examples; the marked differences between countries over time; women\'s older rate increasing more than males and what accounts for the remarkable two and five-fold increases in older American neurological deaths, which should stimulate a range of hypotheses, which again will require country-specific research. Nonetheless, despite the relatively short period of 20 years, paradoxically, with the relative decline of CMR and CDD deaths, especially in the older group, what if anything has opened the way for any possible latent neurological pathology to develop, we just do not know but is an area for future research.

CONCLUSIONS {#sec1-5}
===========

The Gompertzian explanation appears limited, not least because it does not explain the USA position, but we avoid the temptation to speculate but point toward a number of studies indicating possible epigenetic factors influencing neurological morbidity,\[[@ref3][@ref4][@ref5][@ref15][@ref22][@ref24][@ref25][@ref26][@ref32][@ref36][@ref44]\] suggesting that possible nongenetic influences on gene expression, may be entertained.\[[@ref4][@ref5][@ref6][@ref10][@ref12][@ref13][@ref16][@ref20][@ref32][@ref41]\]

The nature of any environmental factors are uncertain but there have been major environmental changes; including increased population, economic activity, substantial rises in road and air travel; increased home technology involving background electromagnetic fields (mobile phones, microwave ovens, computers), which are unique to these later years and these possible environmental factors cannot be ignored, especially as they probably interact.\[[@ref6][@ref10][@ref27][@ref28][@ref33]\] This list of possible features might be described as "modern living" and the USA is the epitome of "modern living."

IMPLICATIONS {#sec1-6}
============

The recognition that increased longevity caries new problems is well accepted, however, the extent of the disproportionate increase in neurological morbidity in comparison with other diseases of the elderly, puts further pressure on already stretched health and social care services but may not yet be fully recognized in regard to neurology. The substantial earlier onset of neurological disorders will have profound psychosocial and economic implications for patients, families, and front-line services that must add to the burden of disease within society, with inevitable psycho-socioeconomic impact upon all involved.\[[@ref3][@ref11][@ref21][@ref29][@ref33][@ref36][@ref48]\] There is growing concern about the "burden of disease of older people", with improvements in longevity.\[[@ref37]\] A new major international study confirmed that it is the cardiovascular and cancer diseases (45%) that are greatest burden of diseases, and they report only 6.6% related to neurological disorders.\[[@ref37]\] However, in a systematic international review of the "cost-of-illness" related to dementia in a number of countries, it showed the new extent of the considerable cost drivers linked to dementia, impacting upon patient and families, with new pressures upon healthcare systems.\[[@ref45]\] With the above result indicating that neurological morbidity in continuing to rise disproportionately, these costs for family and society are likely to increase. A stark example of this is seen in a recently created British charity "Young Dementia UK," whose clients are mainly people in their late 40\'s and early 50\'s, which reflect the human cost of earlier studies showing that the dementia are starting earlier.\[[@ref38][@ref48]\]

Crucially therefore, relative to other specialties, the present configuration of services may require re-organization, especially for specialist neurological services and for community psychosocial provision, to meet the challenge. While increases in Alzheimer disease is recognized in many Western countries, there have also been rises in other neurological diseases,\[[@ref1][@ref2][@ref4][@ref12][@ref29][@ref33][@ref34][@ref35][@ref38][@ref41][@ref48]\] that need to be brought to national attention. Indeed, there are lessons to be drawn from reduced cancer mortality as every government has made major additional investments in cancer services to respond to wider public concern,\[[@ref5]\] which led to major research and treatment resources. This level of commitment, investment, and research needs to be matched in the field of neurology to meet the new challenge, especially in the USA, as with their disproportionate increases in neurological morbidity and mortality, this must be a major cause for concern.
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